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(54) MEASUREMENT EQUIPMENT OF LIGHT FROM 
LIVING BODY AND IMAGE GENERATION 
METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide measurement 
equipment of light from a living body capable of imaging 
living body functions in a short time, by irradiating a testee 
with lights having different wave lengths, receiving 
reflected lights, and calculating the absorption body 
concentration in the body from changes of passing 
intencity through the living body. 

SOLUTION: The lights of different wave lengths are 
emitted from sources 2a and 2b (2c and 2d) and intensity 
is modulated in generators 1a and 1b (1c and 1d), and 
are conducted to a plural number of different positions of 
the testee's skin of the head through optical fibers 3a and 
3b (3b and 3d), connectors 4a (4b), and fibers 5a (5b). 
The light reflected inside the testee's interior is 
concentrated to light detecting optical fiber 7a to 7f, and 
the reflected light from the living body is converted to 
electric signals at light detectors 8a to 8f. The converted 
electric signals expressing a light intensity f passing in the 
living body are inputted into lock-in amplifiers 9a to 9f, and 
after passing an analog/digital converter 10, the signals 
are stored in an computer 11. Furthermore, the relative 
changes of the concentrations of reduced and oxidized 
hemoglobin are computed, and these are displayed on a 
display apparatus 13 as a time related information of a 
plural number of the measurement points. 
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[59**13 mkm^ufrb)5.mft-m.mv>$i&<oK* 

[59**2 3 ±E**fl!)3l|£HMt*«o*lve*L***«) 
3 3 ±S:5WMMaas, ±E£fll*©Xfim*-? 

mm-r s ^^-fyr v^-cfli* a *t*i ^ i *r wr t -r 
[59**43 jitB&A©ji&£iMfc©fts(©ft*ftM£ 

±m.Wi&i#&&-t-iik7i.m<Dwmk Lts^tsig 

[59** 6 j mi ^y^^Tiew-aMtsrie* 
a &«©*£*»&, _tiE«^rtgp 

^©»&#^ffil-»r5*i&±©ffi£©ffi!:B£ U _klE 

[59** 7 J ±E*»iR#»««rffi*©«HIIljjSiK:*iW6 

[59**8 3 ifH^^s^fcSs^T, tf*©«*IWM 

i> u- J* 5 Xi* 6 |E*6<OHIfef^^ffi. 
[59**9] JiiESB2^xs'7 0 ^*5^T, fi£^*R&&t>* 
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i *(c_hiE-^5cH^ t l§)-M£JbT-®*i 
[59**1 0 3 ±mfH2 ^ -yyiz^^X, ttMcotifffl 

£*&, #*IHmiI^£tt:£ttLfcttnnft©8lffl{fe 
[59**1 13 £*K:A?*fc8J»"fSA»WHi:ftW*: 

T, fltr£Affi$ini£tt<ttfti«mfctt£U ttfr*m«: 

*ft6£f*tfi#©»&rtett3i-S«*«:^*rS£i: 
[59** l 2 J ^Wi^©i£tfrii:A^TOIB»ll!*R 

[59**1 33 lfi*>SV^i«*©^«»cSr*-r*tt 
*H**Rj£U ttft*Hft;Mftfr*rin*££ttb''*tA 

30 2>r iSr^mt-TS^l — A 1 1 XI* 1 2 !B»©;£## 
[59**1 4 3 ttM«*fc^WUfc£fMi*©tte>ri!: 

war zm -^©n^sr^if-r s ~ £ * w— 

Ai IX (41 2E«©flfe«c*tHB*jfe. 
[19**1 5 3 ^«Ufc*«c**©»e.ri!:«S-*-S« 

ttfftWWIBIiBHIfcisitS^ttSsl-aEflsartraWirSi 

k &®®. t -t Z> 9 10, X}* 1 1 IE«©£ft:#^ 

3£B^^i-5*ft:^W-a!l36B©ft-?-***ftt-*sV'. 
50 -^^^ffllJL. WIE^fflJLfcW^-SrW-illlffi-^tAfci^-f 
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e> if mm * ic** *t * #©is e> ri^ts us 

*tLT£#a»#3ME«rW-«U *S>SV*tttW 

«:«aia^H*«r«nE*fr * *©jg e> tr t « s sfit 

it4rit#»tt5^i'-^l7 ) 18X«*19iE 
U «Ht«S*Sr«*i-*it*r1«Ri: 1 7~ 

i 9 ©vvftta* i «e«©£fl£jfcw-ai36a0>te-£-**# 

»5c~^ai*J^ie©tt#*fl;*t:«l|EU MC#4B 
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^ >— A 16-19 ©V^f^ 1 JSiSic<£>;£&3fett-S l J2£ 

[M*$2 4] AffiNNn©H^M&»T*H£7P-*-H 

T&*mz.&7MrZ>z.b*¥fWLb-t%9 i — ^ l 7~i 9 

©wrfua* i *iaiE©***»niasB©«*«**fac. 

*-r?*^i-5£i:S:«F»£-rs^ u-^ i 7~i 9©^ 

•fix** l *E*t©£*#ttW36fi©«#-**#ifc. 
10 [»**2 6l «»0W-«ttKfc«i-5*»©«#-«r, 

^rothffllSBtStSr^-rHir, ffl-«H!fcB*:*-r0?l5i:, ff 
«ffifi£iftEfi*fc©»l&*ffl*-*-SH»i: t t>fc*« 
tSrl^lftir-t-S^ Al 6~1 9©V">i**t;5>l 
J«Ell©***W-«»Boflr««**jSfe. 
[»**2 7 ] W-«fi|Jffi«r*-rBi LTiSiMW»*B»:: 

i»l 7~l 9©v^-Tix*»C|E*feo^«c3fcffiBISB©'fg^- 

[ffi*9i2 8] ^fl£«BBfc*«rB*ft- 6*Blt#«4:, 

»**ffiBt#*wffiB©»*^*>«:*4>jfc< t-h2mm 

[IN(«2 9] 3tB»ffiB*»b*WffiB*-C©ra**«Jf 

tt{fcB©li*^*>**:B*.» - «t * i^-A 

2 8EB©£#%IHH1SB. 

30 Lfc©fc^i«**fc J: oT»»i»$HB 

[is#JS3 i] KmM^&teytmk?ftmH&m.<offl*%i 

fifcB©W«rl*JS*7r-r^— «r#tft t«r#«t-*-S^ 

u— A 2 8 X« 2 9fE*J©£ft:*H-a!l$lB<, 

m#^©* 77^ ^-«WBS«rH* 

[li*3S3 3] %BAtffiB2:«i|fttilffiB^iB2ttUffi 
Bt, JtBWttBtflljfiitUTlBiljkmffiBta* 1 ! 6 * 
ISl±»j:RS**tfclB3l(tWffiBfc, *BJltffiB«:W^i: 

ftfii«r*U *l«WffiBi:»3*affiB-C«ltl4ix 
*ft«W«-§^»»SS»fll* (SB l »**SMt#) ilf 

2 ^ffifiB i ^ 4 tftmfeBT?*fettl & iii@3te3i»S<D*|- 

50 mm#mst t w. 2 nmM^m^^m t 
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[fS#*3 4] 4*«Bfc*«rflBJtt-*-4* 1 ©ftfiW^ 

mt , sfiism i ©^flaft^^^roM^^ssr^w-r 

SSg l ©flWft&g&W^a t , £**B WfcfcHMf-f 
*#2©#JIM*^»i:» HWE*2©*flMt*S!;*»b©» 

rtgp^iiii UT^«ffi*»e>tti«-rsSB i ©ftRatt^a 

aracSBHt* <*i «r^-TS^i, 
MIBfB 2 ©«l«*»«lftttJ*a©W* tWWB 2 ©ftH8 

*S£5Mt* <fc JR 2 »*£$HI*©8t$WI*«: WW*" * * 

J£i&d£-5i££r«f®i-r5^ 8X1*2 9© 

wr*ta» i >®f2tt©£#fttf-a'jgE©„ 
*«ta#aa»6©*w«*© 5 feffiBMagiratttt*: 

^^SJ- <£ otttffl LTffl^S - i: SrfSfS t -r-5 ^ 
W— A 2 8 Xtt: 2 9 ©V vf l Jgfa»©±ft:ftW-$iJ3£ 

[S*S3 6] flSM%©ttAft^m, ftJ&0tf4©©8fca s 

5 it 3: 5:? -k2 8X13:2 9©v>i"*u&»l 

*E*©***W-»««. 

[ft#Jg3 7] ^ A2 8X«2 9©Vi**t^l JfilS 
*to£f*#W-«li«*rfllV\ £fcrtT?jfc»aMfi©*fls»c 
E&3I5 bT^3f«lC3fc©KiE*H4as^fb-r S ©ft 
i: t 1 o©j^fflflm^tftfflS*iS#*Sfll 
-Sp-fc-^tK i: t>ffi© 1 o©«WttlT-ftW$ 

[»#H3 8] *flsrtKi«BfW«=i*©!»iR«H*«s*fk-r 

s««©^fk^iei ib *v>«ffi-ctftafara©s*s 2 s 

BrH©**Sc!fc$HIS-a« 0i/i5J;5 teiWELfcfcfc, If 
M&BMftU JS^fi*©«fSt««:IHifi*i:Urfflv^5 
r t^r^mti-S^ U-A2 8X1*2 9©V^^!-I5 
«©£f*#W-ffl#8s. 

[$89i©fMlBfcgftWJ 

[0 0 0 1] 

u»*©iijtfc*5ft6iB«fisBfefrife, ^frrta 

©«*«r**rflJ^Tffljeu WJteBJftSrHfMfci-Sdfcf* 
10 0 0 2] 
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^©^-©3a*f*. dtf*i*ja$©ai*ft«wi«»44feflE«f© 

(^E-^ntrv, ^ b;? ^,aa3, 

*«lRf*©»«fc:*fJSU C©» 

fciJ:oTRv^M*fS-e$>'5a»?>T?*>5. SB=©3S*I4, 
ftH-SHis ^S*©»SHl*J-r©f£fflm:*)^f*:Ji*«: 
10 ^frv^itf^f £>*u5„ 

[0 00 3] £ © J; 5 *3te*/H^fc£fmffl©fU;£&fiJ 
fflLT, ^«^&i£^©&ft©ft&£#lwRWU 88 
*tf!fcH3»e> 10-5 0mmiEai!IHx^:fftg-e©K«-3ted» 

#BBBg6 3-2 7 7 0 3 8-§\ - 3 0 0 8 8 7 

#^iCfS«^^TV^5 0 £fc, fJ 1 00-200mm 
SS©dfe#£jSi® Lfc**»e,at*ftW«fifi© C TH{fe& 

ft, #BSBS 60-72542 -§\ 3$PBHg 6 2-2 3 1 6 
20 2 5^-tC|BK$ttTV^S. 

[0004] '&Mff)±frft.3\-mmW.t LT. »BR* ©* 

asaasftiff&ffaH-stf-^i';*-* (#bbbss 5-240 

ispBiflf*riicaj-r*«ii'c*»*. 
[0005] ^f*ciia«i*9©seiR«sfuflf mmmt 

IMR3R©W#Sr*tf?a&«lft«SMa«i«) RtfJfcittS: 

30 IHWt-«*ifei:U-C % 3^>^*©*«fe 7- 
1 1 5 2 3 2#) d©5^&(SHb iHb0 2 © 

H-aJ-t-5t)©T?S>S. 

[0006] ^w*s*T-ii, mmit, m 

[0 0 0 7] 

40 (DSi©MIB) ±f*©atg?:#*fi-Sfc*fj:, 

LTA^Sr^ltfcB#©jfc^»^ t «A^fB#©ifii^fi)fig t 

©ss*»6» A#tceia-rsjflLjsi()^©^fb«rm-a!ii-s# 

[0008] ^^©jfiLjRBSIgtt^K:— tt* < S 

«ra#©fJlffl»fcjte«rJIMtU 3tefiS#tf4MJ; 9 3cmi 
4xfcj{Si-eifia3fc!MC«rW-« bfc^©iij@^»S©B#K^ 

fk&iai m^-r. 0i^s*iT^6J:5t, ffsass© 

50 UTtt^SIU^^t < 
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i <Z>&i§#&g <7)«ib;rf£, ±#+©jfitf& 
[0009J z<Dm\zWlk%&&mzi,x^x-b, 

mommyt&g&mmm.t Lxta-mz-rzb. 

®,m%&mm-tz>~ttf>x-%t£\,\ m<>x, &m&mtz 
t\-mmi>t3ft(Dmmft&&&mmm.ki<xmmv 

T fc * ©»WB fc-f S fc * i~ «r5fe»fc L , 
I 0 0 1 0 ] Cm 2 ©ggjg) V*#©T©*J»ft 

S£3§£ • gftig^ 1 7 r -f -t 9 *^»J-r 5 r. t 

[0012] #3§9HW\ «3KKW«>^tt&(OmjH»«» 

•f5<b©-efcs. 

[0 0 13] ($3 ©KM) ttJlEttflJlEjiV^TM:, SbJR 

[0 0 14] — ±fc<Dmffi&3ti:mkKft3%:1rZ>ikWi * 
Sm (t) =S t r (t) +S l 

*flr#-^»m bT«sA^ft -f-sr^fe-rM^ s tr 

(t) (.^mm&ffitS^-) Srf-MU tHBJ{g-§-Smm(t) 
i: J f-*«A«f«#Str(t)©S6*»e>AlKf«*S 1 <t)fc 

::£»:: J: 0, ffHMtt*©£lba*A 

[0 0 2 2] H*Str(t)©ite£tt, 5F3e«***i-» 

a**BAflff©«»fc*afc:7-< jf h-TS J; 5 fc*/hrjR» 
*T?^««»*r»**--B C i tc J; 9 ft 0 i i 5„ 
*«Pfi*Sl(t feftWSrBftiELT'bDt 
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[0015] 0U^.(f*ft:<Dfla-e(4 s *{*:©=S-^tgti*tJS 

m&&&%^\mmmnffitmnmv&\'ctz> a r© 

©•fcfcl^BfcP'-** 2: E*Wfc:#*teSS 

10 [0016] 0tJx.tflH 1 ^wiii^ft&a©^ * 

«s«f»©^ftt«j*jiiLaaKiiB«*tt»6 g&m^mm<D!h.m 
Wim<D^mt\^xh^(om^\tm€<j>^mscr^>tz. 

[0 0 17] ##W©Btttt#±©BSie*fi?a:U ffid 

vm*mmt^&>£Wftm$im.R.x**:v>mw.*m^xn 
mm&*mmktz>5>m*m:m-z> t.tx^ 0 

[0 0 18] Sfefc, **Mtt. «*tt*-CW:BI*T*> 

20 IB3Efl:Sr^l«tlKS'Jb-rlfjRI'rsn t^rlWitS. 
[0 0 19] 
[0 0 2 0] 

(^i ©sms^b-o ^^teH-rsjfiLJStiiffiw^ft; 
snsfg-f- cm-aim-*!-) «:sm(tK s»Mns?B#©jfa.?£ib 

*©*ftfcifiHi-*fll* «rSu(t>, *D 

30 Affil»©jLffiabfB©XfcK:)&H-r«1B-8- (AW«*) 4r 

S 1 (t)it5t, ffW§-^Sm(t)te)!fc©|fcl T?^*3 

[00 2 1] 
1*11 

(t) *1 . 

?«iftjB#SI*^ftL. r©«lbttllIS:***v^«iAffif«*IIII© 
«-««*W«rfflv^rHjfcStr(t)«r«fc3ei-SJ:5fc-*-*i/ 
tf. *9K»*t!:H*Str(t)Sr»J&rsri:*s-CS 

40 So 

[0 0 2 3] AftEMftStr(t)tt:. mWc^MM^m. M 

■*IB©lW«©tHII«# S m ( t ) «rfflv «-A#H#K K*f 
[0 0 2 4] (SB2©sSSIi.l*fL-C) ±ISi«)^ji^-r 
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mm&gLyt&mz.-ti^i&Bzmz.mm-tz? 1 *}) t« -his 

£****©**£, ±EIMfc©#W©3te«rB:vMc:*fc 

mmtm^m < wks t h * o » -bie«i&©gfts&© 

«x»«»*JhBifc*©*;fc S**©3te«*» & ©3fc©3i&3E 
[0 0 2 51 Jt^tt-WSSiJ*. *HB«»ta*«i:© 

»5>*bfcft#*©{fc« t *flMt#i ©t»IIIMfcB*tifteW- 
SMfcfii: LT*65;t#tl5. 
[0 02 61 BU^©ia«c4rSa-Tix^ -hfE£#tf-«>jy£ 

±*rt*^SIIU:©te*©«*trH6j£tHW£i: Lt^ 
yf-rs., wit*?*,. *watffiB*»&^*^fc«*w<t 

«fc«**-S**£©£W'l«±M:, *BiEfl»c*v^TW: 
*B5 J: 5 ft»rs***>**:«>, BUttfcBArWftaffiB 
©XT©*****^**, #IRItteBitftttJffi«i:©HI© 

Sr«x.5£, MJmfcB£*fflffi«i©«PmffiBT?t>*t> 

fcSfc*, ^^{--©^Kffie-e©^^ 

id, H JE S *vr V *ftv ^itB©«*«r JtE«63etHB Jfi©» 
Mfi *t J: o r#5 J; 5 1 LT t> J; v \ 
[0 0 2 7] ±|E$t#:#dfeft:T-£>54§£\ JilEflattteB 
<k&l±|{4fi<b©&«£fil 0^e,5 0mmigS* s M*L 

v\ r ^x'<D%±mm&ik£>z>mmte)®mit?>%imk± 
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[00 2 81 (US ©IWHS* LT) *3893hfc, £ffct 
» LTffig:© 1 Mffi f> L, < J*«$C@/5>r d> & *«rB8W U 
«9Wl*«fl:*«*©*flSi LTfr^£*u58lt±H£fii 
»BrW**ffc#«*©*flS i L TH-aiJ ^ v v|ft HffiB 
© 2 «9r *r*flB*ftt«*» 6 *««J4*®» * * * J: 5 fcR 

jeu ■^^^ ; e i ^©^t^ffiBt*^v^Taiii^^«s:«ltt^ 

U SfJffi2@^©jiii*^tS©li^«rt Srirti 

10 3llfi»©*^*aEft:«r*«J:<*WTfS5£i:Sr»«i:-t- 

5„ ±E2Sgf©«HHffiK^atb-«:^v^-&f±. JtBHW 

fcMfoWB© J: 5 HBfSfHIIHfcB*:**-;! i 5, 
[00 29] » Iictt, Al#ffi«*»e>»ffi»-e!6>ofic« 

©&*5 2»j?f©fcfflfm^i§i<i3te*rg#U -tjvett 
©mWffiBl-*5lt-5iiig*^S*7^- Yif4*~- 

20 JfcLfcJ^ ^l©«ltU&Bt*3ft5iijl*^m^-ir 
IB 2 ©^WffiBt*i@?fiJiiil*^«^-Sr|g«)lSi|>l(c j; 

[0 0 3 0] 6>*t«*«r!MI3EWb, 

ea©si#«r^*-r s s. 
[003 11 #**#«M«fc«, **mfit«i:**a« 

©ra«3t7 r -< ^— efi^Kt-r •& - 1 a*-? 1 5o 

[00 32] *5SWW:W-W©teB©W*tt3tfia*i-^»;© 
30 — aiWtjfcJfeSixS©^ I«ittS*t5fcft©f| 

^3fcR8lttfcB*»?> 1 0~5 0mmgt©ifi< "C, 
€r?iJffli-Sr irtJfc*), 100H200mmiS©4 

T-©ffl-»5rirligtnc5o 

[0 0 3 31 H-S!l*f«! (tttt#) ^r^gPtbr 

m-a-, ASItfitB2:tfltflffiB^EMI^%< H30mm 
-Cfctbtf, *a*ttft*Atra*#S:»SL.-CM©*a5 

«x.fi, y • 3 • — $ -y 

^ (Patric W. McCormic)ffllt J; ^ r^^fi©^:^rtg 
^(Intracerebral penetration of infrared ligh 
t)j , 1 9 9 2^2^»ff©i ? -r— ^^^-^=-3- — cf- 
— v 5 ^ y, 1315-3185 (J Neurosur 

g., 76,315 (1992))tJ: Ua^S^TV^. *fc N MM 
&U«^(ilfiB©4 I ^^ib*^ffit*|-r5^rtgP^© 
»M±©fftBr-©W#iSS, r ©<£ 5 *ffiBt?«IW§^ 
-^*iiTV^Sti«s, ±^^©3teefi|i|# 
50 t4/5>P>£ae>;fr-C^.£>„ r©1#tt^ LTCSJ^fi, v-**^- 
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. (Shechao Feng) ^W^Wk^X 

^*^tKM<^^ vf^/^p a u-i/ 3 y (Mo 

nte Carlo simulation of photon path distribution i 
n multiple scattering media) J s 1 9 9 3^^^ • tf 

frX^*IBJ»^fc*tSft^»»tBf«, 178-89 
J§ (SPIE, Proceedingsof photon migration and imagi 
ng in random media and tissues, 1888, 78(1993)) (31 

[0034] ##Ho£##ttW»«-era, *»<tt«<z> 

Kite, 3**^*9. a^ti-a'j^:^uT#ibn^afj 

[0 0 3 5] 

[0 0 3 6] H2»t *»W^J;S*ft:*ff8H»B©— 
JHWttlctt 5 JfiL^K^^ft (BWk&r«7c^* ^ n if ^ 

<t tx*/Tts - 1 &*mmm<o 1 o ^ ut^ 

#*W-»J6««r«v^TfT 5 r t hXZ Z> 0 
[0 0 3 7] H2^i-j:5i-> *HJfi«ytt> ^g^>s 

b 1 2 a tt^ix^ix«r«^e>is*^««^i3aKfi) 

±e**<0#«2 afttf 2 b (2citf2c) 
MtlSV^I^^o^tMiSl aWl b (1 

*Sr J tilfft*77>f^ 3 a&U?3 b (3 2cW3 
c) &«bTtt-&-rS*££«4 a (4 b) j&» 
77^-5a (5 b) «r^bT««fft*«>*»»#6 

ffiB^e>*8E« (::Tii3 0mmt«) <z>tefii;:$te 
■dsffilt 6 J; 5 li**©**Wffl*7 r >r ^- 7 a- 

7 dR^ttji*77^/^7 a -7 d 0^^*14- 

Rtte>*tfc5tetftw«8 a -8 f j&»fe*s«»<0S#*® 

-7 f Tr N *»iiifl)fc«r*7r-f^-^ft*b, 

*t*tta»8 a - 8 f T**flcii«*^3tfl;aElftS^5 o 



(7) 8 9 7 2 
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[0 0 3 8] MU^8a-8 ft*t»^^* 
iiffl*:!WKSr*fc>r««;«# (KT, £*aKfl#JfcS« 

#t-t-S) ft -ttt^n^^^f a -9 hl£ 

ULTV^Sfcfe, #«m»8 cSt*8 dj&»fc<^fS**:2 

10 9 f HA^^ixSo Ps/^^y7y^9a^9di;:tt» 

£&1 aMl b, -t b~t\ n i/^^yr^Q e~9 

^9a-9 d^fett*«2 aW2 b 
e-9 h)6»fe#:«i2 c&t^2 d 

[0 0 3 9] flEiKlft**©— «t bTft nj/M^T 

>-^9 e~9 h©a*^fcs^K**vfe«-«tS«oaia 
-^#A-aeifcbfc«fc, ti-jmi 1 

J*U **^ff«jftm<0««rt*«t bTE«««l 2M 

te^So ±IB**t2:ov^ii«-e»b<»Wi-So «- 
IHftl ltt±EEtt^«l 2fcR«S;ftfc«*«rCRT 

«<z>**36B 1 3 (Dm^in^^&L^ *^a£a 

[0 0 4 0] *jafc«^^:J:Sdfe#3tet^«*B^^fflv^S^ 

T^Sf-T^r £#pr«-e&5fc*>, *HBW<ftB*:*ftIb 
/c^T^. #*W«tffiB'e©flHW-*ottft*^W-WS 
tbS»iRft:»<!:IS!»S>ix(ifi<, »^3tfla*tffiB«^fl8 

[0 04 l]»3ft ***fHH*B«r«ffl bfc*»W 
50 ^r^-r o *HJ£«^iii«fP«*iSfefi. ««#©SSfflJ^*3 
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X v ^ £ fefflJSgfl t 4 ^©A»RU t « & £ ^ T 

[004 2] 03 «t 5 »«# 1 6 Ofe{ftlJ^SP 

i^AMl 7a-17 ditlffl^l 8a-l 8 d £gfi 

17a-18a, 1 7 a - 1 8 b , 1 7 b - 1 8 a N 1 10 
7b-18b N 17b-18c s 17b-18d, 17 
c-18b, 17c-18c, 17d-18c % 17d 

-i8doio»s 0 #M/Sl-£#Att^<tl& 

^l/^T$} JW i/% =l \y — is 3 ^ (Monte Carlo simulatio 
n of photon path distribution in multiple scatteri 
ng media) J , ^BS** *VO X 0 #»JGE-t*5A 20 

%t&t&m&<D*m<Dmm%mh&<&vk^x\,^z><D 

X\ mfeWrmjtkl 9 a - 1 9 j &#AI*jfc**aijK<Z>*f 
j£fll«<Z>+4>fcK£-r5 0 ffi^ffSS^l 9 a - 1 9 j <D 

[0 0 4 3] #c(^ *«W^J:5-hfB#*«iajS^*3W 

-Ln {Str(X, t)/l 0 (X)} 
= £ oxy ( X ) * Coxy (t) ■ d + £ deoxy ( X ) 



£ oxy ( 1 ) : 
ft 

£ deoxy ( X ) 
AU) : j 
S(l) : j 



8$ 40 



(8) W 9-9 8 9 7 2 
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* [0 0 4 4] H4(4, H3<^Jiffi5aK«l^*3JtS*fr3fe 

w-«B£«<z>i£ttijR i8a-i8d©i oo^i^^ott 6 n 
s 0 ^mm&mn^i w-««*i 4a>*>, 

WBTi i*«f«WWT3^as^SfHBI«»i 4fc#b 

#B#r^»iT 1 =4 0©?, T2 = 308>, Tt = 30 
g>, T3 = 3 0»tLt«ILTV^ c 
[004 5] B5I1, 1 <><Dftm&fctSW&mkRtfM 

Coxy (t) f|^20WACdeoxy ( t ) ft -g- 

*«**LS2jKft©H-aMI*l 4fc^«j|fc(UI(f{I3'l 5 

KffcXt^aTC— tfV (Hb0 2 , Hb) <7> 

[00 4 6] jftfi^^*3ttS^8HJSftlKr«-S-s t r 
{x, t) ««Si o U) ©B«tt, 

[00 4 7] 
[$C2] 

Cdeoxy(t) • d +AU ) + SU ) — »2 

^Coxy(t) :»*l*IHt^33WSBWfc^*^ntr^jia 

Cdeoxy( t) : m-pJ^PW t K*3tt<5»7G'^t tf>«S 

[0 0 4 8] tHfl«-^Sm U, t) 

I 0 (X) ©BiflU*. «r^^:3-e^$ti,So 

[0 0 4 9] 
[*3] 



-Ln (SmW, t)/I 0 (X)} 

= £oxyU) • {Coxy(t)+C oxy(t) +Noxy (t)} -d 

+ £ deoxyU)' {Cdeoxy(t)+C deoxy (t) +Ndeoxy(t) } -d+A' (X)+S 7 
*3 

C oxy(t) : $Y$mm t ie:*5^-5«!BfHl*p^J:5»fk^ 
C deoxy (t) : trS[I5#Pfl t M*5tt5 ft^BttP^J: ^Htc 
Noxy(t) : Ji^XttW-IB^M t {^jo^SBIfk^^n *50 



Ndeoxy(t) : m^X^fYM^m t 



(9) 

15 16 
tf. *2 2ltl*3©ii»ttKT*4-e*SixS Q * [ft 4] 

[0 0 5 0] * 

Ln{Str(a., t)/Sm(A.,t)}== e oxy(X) {C oxy (t) +Noxy(t)}d 

4- £ deoxyU) {C deoxy(t) +Ndeoxy(t)}d-"$ 

AWteJ:6aMb2ttOT5n^ i e^ciif>'»*tB» * [oosij 

^fttOfflff^^^tlACo x y (t) x SlU^A [ft 5] 

Cdeoxy (t) T*U «T^5£-Cr^-r So 

A Coxy (t) = {C oxy (t) + Noxy (t) } d 

A Cdeoxy (t) = {C deoxy (t) + Ndeoxy (t) } d - ft 5 



9-98972 



So 

[0 0 5 2] 1^>U ft5T*EBttcmACoxy£ ACdeo 
A Coxy (t) &tFA Cdeoxy (t) tC^S— Tnit 

ac*sa;i*8, s t r 

U. t) R^H-aMf-^Sm U, t) d>e>, A Coxy 
(t) Jfctf A Cdeoxy (t) 5o AfifBP 

Wat^«SJWPM£Jl^^*3»tSACoxy (t) SO^ACdeo 20 
xy (t) &<Z>KJ\ C oxy (t) =0, C deo 

xy (t) =0 tj3»t«(D-e. Jf*fclXWc£fcfiHG>Bt 

^$^UV^riW5o ±»»3BfcJ:oTI#l!IJO 
-14 0&jClt>fcoT*8t)fc 1 bOdS|g4«>AC oxy 
(t) OWACd e o xy (t) ft 2 ltfc 

So 

[0 0 5 3] i6Wi 7 Wt. *:ft*h4*tt#<Dfe*S 
+ <£>tB2t^{fcg A Coxy (t)fif20 ©i*nn*5Htt 

7t®fto h y << mmz, ^mm<Dm^vto xm 

[0 0 5 4] Sfefc, &MlftW&<OBft<k^ :: *y*V> Tir50 



p tf ^«a^ft*t3Eft*<z>H#ra*fk^a BXiWiSftHi 
HftSrW-JIU #tfao^^*5(t5ffl5IMftJ: , 9 

-^-rtVT t-^tt'SffiBIBIft^ffiJ: 1 ? h^y^S: 

tux. mmmmm\m^vxmtt&ikmw}m*^mk 

[0 0 5 5] HMk^^e^p trv»«©*B«-« 

^fc;**:ft*W^^:ffiv^TRWl.Tl^S*^, SItc-^^* tf 
>-«*©ffi»3E^*&SV^*»fkauc385c^^^c2 tf v 

So 

[0 0 5 6] H8tt±tEE*<0*«fe"e^**bfc 
77^IS2 2t »tt#<a»%BiiHfe2 3 tmte&t> 

mimmLxm<t\^tcm(D^mmm<Dmtx^^fc^^ 
mm&m&tmteht>&xm7F~tz>z t^m^^\ m 
mmmt&2 3 i^kmr i *>sv^i3ft7cXj»cT"e 

^ts 0 ffcsut h^^yy^mm2 2 tmstmw^ 

[00 5 7] H9fe W-«^B8«aE8l*ft4:BiW-*-Sia 
*r»-t- 0 3RtcMR I *>5V^3l!fe7cXj|ftCT©JgllBBf 
lfe*«*-r5*8fe4:ftft:«J^KT^*"ro H 9 CO 5 a 

iMffl*77^f^!), 139^7 a v*ytigimmyt7 T 

(2 d)<D*sb&±<Dmfc<oniR&&J£\^rm\t^&h<D^ 

«J^L.fc^ff^?>^j@St> + 'i'^2 4 
tm&2 5<t^-^7-^2 6Sr*^*f S^ <t^-e#S 0 
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Ltiff2 8£ffJTU JBtt2 5 t£;b&/(fc&ffiaf*lfc 

[0 0 5 8] ft^S^Bfffct f#^7:7 

[0 0 5 9] «ftW-«jfi4:S'£.^i:-rSffi** 

MtbfcMttrt\ #H*4r#«-«jft<o||[|j:S#l6L*:*aE> 
[0 0 6 0] £T<z>B^*^:fr&fc:^TfiS:ffl 

[0 0 6 1] (SHEfl2) **WfcJ:S«2^)|H6««: 
[00 6 2] HlOtt, t WJi^Mf©* 

ft -S§- 1 1 0 b fS, a s^>f yry7°9 a^&^m^fs-g- 

T*£>9, ^MfcAffitt-g- 1 llailll b 
[00 6 3] ^fflMfkffiiS # lllailllb ST*** 

[0 0 6 4] *»*fc»LT*W4:HWlDLfc»^fctt. 
*WW*PBBi*ii*«4:*te-r*«fBB*ft^-^ l l 2 <t^?Kr 
B«JD»TI**J**to-rA?ff»T^— ^ 1 1 3*rii«rc* 

«flJIHMI *Wi*IH©Wa«:^tpi*IBMI») <o 



(10) ffl¥9-9 8 9 7 2 
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111a, 111b «:**T,*T?©jB«F«i(i(7>iSSj||±"C 

tnoa, 1 1 o b k^mm^nm^x 1 1 a, n 

1 b*||B#M-eiPll*ic:*^Sri:t>nrtB'e&So 

tnt-ft#Hi-*§-i loainob k^mm^mm^i i 

latin bSrra«F^«^-f-5^t-e % ^fr^jfiuK 

[0 06 5] J MH*iA«MS# 111a, 1 1 1 b te. W- 

JBMB-g-i 1 0 a, 110 b^5>, Affi**;tfcii*IH (A 
(Dmm («Si«fIB) ^*3tf *ofcJHI8J© 

-Ctt. ffi*H** 5 «ft«PlH4:3 0»4:L 

20 rfciirv^o ffi-g-^*^**, m^#as^-r 

[0 0 6 6] 01 1 ARtfHl 1 Btt % W-a!I«-&i:^JH 
«A#fI^<^5Mf ^*^#JT-& 9, H10 
ft *$r 110a Xt* llObi ^jBJUft W«# UlaS 
(5111 b<^H^^ff*L-fct>^^fe^M5>ffi^l 1 4 
aS^l 1 4 b^jft^fc^iNSB^^LTV^So ^ 

tstix\,^y77<Dmmz^mmffl&mfris, wm^m 

fc^KWHH*^-* 1 1 2 i: A«faiam»T**9 

*ffir»T^— ^ 1 1 3 *i!G»-C*^t-5o ^^c. 
7tt0S:*'L>i: bfc^7^ift5©-eSISll 15^ 

[006 7] 114a, 114b£r 

*aa»ftS{c:*)&5ffi«*ii±fc**bTv^sas % 

^tS^irfc^St^So HI 2 ARUq^ll 
40 A#Hiftl{cJ:SHbO,tHbOjBft©tB»*fls* (EA 
T> ^tt^tbACoxy, ACdeoxy^-TS) Sr**>i-^9 

7<o*^fifl-e*>s„ ei i o (p^w-asfs-g- 1 i o a rx$ i 

10b i^ffl^AWfi-g-l 1 1 a&U*l 1 1 bt>*h 
(5) iK:\Z.£oX-¥x.btlZ> ACoxyff^l 1 6 a k A 
Cdeoxyff-f-1 1 6 b WftJgSr*^36K^** LTV^ 

i^tt^ACoxyt ACdeoxyO^|[«^*t?brV^6 0 

fci. AWHI*&^-^ 112, Afflf»T-^-^ 113.X 

xj^mmi 1 5i>**-rso *njfi«T?f±, tfao^ra^^: 

50 Kffl#«S*S*bTV^#, ffiSco»#P^PflPi A 
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fo5o 16a, 116 b£:S#£ 

M^fit^tSr t h^mX\ #J*:tf ACoxyft 
til ea^KOfetS/TU £fc x ACdeoxyff 

f l l 6 b Sr»Sitt©fe"t?«^tbfi. «&#bB:i&#7 
6» fe Sf * fix v > s <o-Tf«^»«*iK v \, 

[ 0 0 6 8 J la 1 3 #A WfflS^ A CoxyA#B# 
WfflfcMIH 17 a, ACdeoxyftffil#mff$Mtf 1 1 7 b 

O*^0Jt?ft)So (ill 1 AJU«ai 1 B*<£>ACoxy{f 

1 1 4 a <b ACeoxyMt 114b «r*W«PMtei-B*ra 
a^LTACox3rft«rB#BH*4Hi[l l 7 a ACdeoxy;© 
ffif«FMIi»ffl[l 1 7 b£r*tf>, **3SHfeA«f 

ftw«FllB8^^M^«^**>l.Tv^-5 0 ^-c% ACoxy*^ 

[0 0 6 93 H14»*. *#*tml««S:fflV^T||[*^ 

[0 0 7 0J **^0!|-Cf±, *«#©ffM«Bffi« 1 1 8 
t, R«Lfcth«ffiK*«tot-W-«ffil»^-^ 119a 
-119dt, #fHBffiB(Jl*HEU^5 7 121a-l 
2 1 d<t, W*fifc«i^9 7©»iSBB«4r*-t-«*i»l 

20a-120d^, ^^Bt-^-r^c ^rT% 

«i&;*:AOttaS»^^ 

[0 0 7 1J (^ffi^J3) Wfc J: S 
co^ffi^J 3 co»*8j*£I^ 1 5 

[0 0 7 2 J #$K2 0 1 3&*e>38^e>tt5**:i^vX»Sr 
ffl^TliftU *JHM3te7r>r^— 2 0 2(e:A»i-So 

#>fc:3Mg*2 2 3 idJc *9 100Hz-l OMHzgS^) 
2 0 2Ji*^r>f iS^S2 0 3 a ^LTffl 

atffl#:7r>f 2 0 4 £ttiRLTV^fca&, #8Bd>e> 
<z>3tef4*:flaitffl*^r>r^-2 0 4tJ:e«U ftHBIMfc 
!2 0 5i:Dlftff2 0 6Mlt^o Jfl^Sft^iffi 
«tt5fe«crt©ffiB*K©»*WttfcJ:**, HbiHb 

6 0 0 n m— 1 4 0 0 n m<D^.^:^m<D^t<D^^h 1 fc 



(11) ^H3p9-9 8 9 7 2 
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[ 0 0 7 3 J ttttft 2 0 6 LTWttt-6#£:^l±! 

•r^^^o2*:o^mffl7t> r r-r^— 2 o i a st;2 

0 7b^ «**2 0 6±(O»ftS2«3fl2:E«+So 

fcmmmx^ ±M2^.<D%mmmityr4^<—2 07 

a t 2 o 7 b £*RgJN-ffiB2 0 5 «r*t*<f>i>i: LTM 

W©2flS0f^Ba«"fSo HM7 7-<^2 0 4i 
*«Wffl*77>r^2 0 7 a, 2 0 7 blt 
10 fei^ig^fct77^^B^M2 o s-e@££;ft 

t^& 0 *flsitffl*7r>r^— 2 0 4, mtkmrn 

$tyT4/<~2 0 7 a, 2 0 7 b RTf^t? T 4 mfe 

I*77>f^2 0 7 a, 2 0 7 b f*. %7 r 4 ig 
^2 0 3 b, 2 0 3 c Sr^lt*ttffl8ffl*77^^ 
— 2 0 9 a, 2 0 9 b UTVn^/c^. jfoftajHft 

77>f^-2 0 7 a, 2 0 7 b T?tftU SHfeiiiB*^ 
MWS2 10a, 2 10b*T?fi&U ft«ta»2 1 
20 0 a, 2 1 0 bXytnM&&ft. iii83te3Sfttf s «iSC«* 
LTtti^^tlSo ?tftttlS2 10 a, 2 10b<t 

[0 0 7 4J *RW»2 1 0 a <t 2 1 0 b^fea***t 

7y7 e 2 2 4 ai: 2 2 4 b l*%ff0%&AXMH&8cA 
^O^ftW^^^o n'^^V7y/2 2 4 a^bO(ll 
#&*IM«B2 2 5 a t»*«ft3K*S*bfc«^36Biii 
H»2 l l^AffifcA^StK ^^^^7^224 
30 b^fe^U^Jtt, #&*itt«2 2 5 b Stbfc 
«fcM«l*#«»2 1 l^iEttfcAASKSo 

tt N 2 ^m^BT^iiii^scoii^mt 

U;&«#fcLTS«M*S*2 l l J^fflASttS. 
3SIMMtt2 1 1^6om*«t«:jKJ>cA/D*«»2 

1 2 T^v^/Wf-^I-^&U ffff«&2 1 3fcft9&* 
$/tKI2 1 4fc»#3K5«7*— * <b Lta*t5o 

[0 0 7 5J - -T\ HI 1 5 {^Tjk-tX 0 ^Bf^t^lfiL 
*ft«^*{b-rSflB«2 1 5^5. *tfcfflffl*7r-Y^- 
©«»2 l 6 b<^^-a-*ixTv^tf. fHBS*i/S*H» 

40 m^m^m^mm2 1 5 ojfiL^tb^o^<^^.^s^ 

[0 0 7 6J 9(-»l«m«: t . *M«g^r X , flH»3fca»« 

Sr-ttt-PttCoxd), Cdeox(t). JSBffiH« 2 1 5 "CgEffc; 

MtlACoxd), ACdeox(t) x A. 
50 f^^e^p tr^^jlTc^^n trv^KJtWiftSr^tb-?: 



• 



(12) 



- 9 8 9 7 2 



So 

[0 0 7 7] 

[fte] 



:6 



21 22 
tbEoxU), £ deox UK USat^*^* V>Skft<OWt 

f Id(t)ttT^6tS^, #;#lffl3§2 1 0 a*Cl& * 

I d (t)=Ds*exp[-[eoxU)(Cox(t) + ACox(t)) 
-I- e deoxU) (Cdeox(t) + ACdeox(t))] d ] I 0 (t) 
[0 0 7 8] 1*7] 

I d' (t)=Dx*exp[~[ £ oxU) Cox(t) + £ deox ( A. ) C deox (t) ] d] I 0 (t) 

• • • • ft 7 

S6 it7^)gM^^ofei^ ft 6 ^ [0 0 7 9] 

7*r«jr*-5i: % Jfca»8^#fe*L«. *8^feiZZtt«- [ft8] 

I n[ I d (t) / I d' (t) ] = — [ £ ox ( X ) A Cox (t) + £ deox ( X ) A Cdeox (t) ] d 

" • - * ft 8 

££-C«rt£, *S8ftHT8 0 5 nm±10nmS:ffl [0 0 8 0] 

VvrH»rSi:* * [ft 9] 

£ ox (805+10) = £ deox (805 ±10) • • • • ft 9 

T*&£<£>T\ *8W£*KfcJBVvc * [ftlO] 

[0 0 8 1] & 

I n [ I d (t) / I d' (t) ] = - [ A C ox (t) + A C deox (t) ] • K 



[0 0 8 2] 
[*1 1] 



± 1 0 nm^V^Tt^a^J$i^fc*^ft|l5>fi^•f + . lfiL*Rft 
cD^ffcfi[ A Cox(t) + A Cdeox (t)] [cft^-f&m (£A 

fcfflV^S«**«:2aaft Ul, A,2) f^U 
ftS^XHAftft (f 1, £2) nsy^^T O 

In[IdUl, t)/I d' Ul, t)] 

= — [e ox(Al)ACox(t) + £ deox(Al) ACdeox(t)] d 
[00 8 3] [R12] 
I n[ I dU2, t )/ I d' (A.2, t)] 

= -[ e ox(A2) ACox(t) + £ deox ( X 2) A Cdeox (t)] d 
®;)fe$lft £ oxUl), £oxU2), fdeox(l), £ deox(A, 

i-£ffiACOX(t) d tilTC^er/n tT^O^tft^tt 
S1~<5ACdeox(t) d£\ ftl l2fctmi2*fW«2 

i3rt-e«f<rit*«>5rim, *«>fe*tfcffi*t 

t^o S&fcttSILTftftftfclfc^U dSriB*. *fc 

ftS^r^^S £ t t> «rfiBT?S>5o 40 
10 0 8 4] HIl 6 (-tT^J: 5 * y$4^T 

2 10a, 2 1 0 b^fj^tfjff^^ftlA/Df 

»»2 1 2vy^j^Mmm^mti,±m, nnm2 1 3 

12 1 4±^5 7*^t5wi:fcT#5o 
[0085] 017 (a) RX/mi 7 (b) t^tfettl^ 50 



<OT\ tfcoftl ist«i 2d»b45»fi:#BS:«r*< 



• • • • ft!2 

o-ycO-^J^^o 1317 (a) KMtefta^n— 

-*rfl5«r**U Hi 7 (b) teyt&m^v—f&fflkfc 

*©*flaii-ffl3te^r-f 2 0 4 t 2*o*lftUiffl3te^ 
7^-2 0 7 a, 2 0 7 b i:«ffi«:iftfeJc:aafibfcA 

g2 0 3 a, 2 0 3 b, 2 0 3 c ^g^tlTV^So ^ 

[0 0 8 61 *ftWffl*77^2 0 7 a f 2 0 7 b 

ffi^t^^r^l mm— 2 0mmgft<Z>H^fc5VM*lifll 
mm-2 0mmgS^)EMit5o 2#<Dft«| 
ffll*77^^2 0 7 a, 2 0 7 b (DiBKffiH^ * 
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BBWfll*7r>r^— 2 0 4^feE«tr (r=5mm~5 

omm) <D&m\zzzw*tt»mz&uirz> 0 mmr t 

»ffl*7r^^2 0 7 a, 2 0 7 bOiBf«© 
[0 0 8 7) JfetftU^n— ^^*3V%T*tftHiffl3te7r>r 

2 o 7 comwiazz&g&fmm&^x-bti&o m 

7a, 207b, 207c, 2 0 7 d SrKKU t£M<D 

fc9 . HJE»a-2 0 8 ^3(fc«^**U»«rac«RIl-t'* 
[0 0 8 8] 0191^ J: 53teW-a»BSr*<* 

0 3a, 2 0 3 b, 2 0 3 ct % «MTO77-<^- 
2 0 4i % *ttMffl3e77^/<-2 0 7 a, 2 0 7 b 

*7r>T^-H^SB«'2 o s^fe/jrSjfettHi^n — 
^«r, =^«a>H5fcfll'</l' h 2 1 8 T*$c^f£ 2 0 6 MB 

jei"5 0 *fla4tfla*7r^^— 2 o 4tt*^r>r^— ie 

3S3£2 0 3 a Sr^bT*agffl3te7z-f 2 0 2|:8« 

S*IT*5*), *«lHffl*77>r^-2 0 7 a, 2 0 7 b 
f«tl^^77-f^a02 0 3 b, 2 0 3 c^ 
U*»tll«ffl*77^^2 0 9 a, 2 0 9 b M&tt 
SftTl^o *W»IKK2 1 9HU®/^/UM^. ftMm 
*77^^-2 0 2 t3t«ia«ffl3ft^r-r/'<-2 0 9 
a, 2 0 9 b ©gi^gP. tHMfS«oS*2 2 0, ffl 
*fl#tt***2 2 1 , 1 4;$Sfc<5 0 }fc 

n-nasK2 i 9rtsuMi4, aMwtww^A/Dgtfe*. 
[0089] mtim^-mm^^ 2211:1*2 mm -c* w 

T*3<3. ^ffflIo^^2 2 0&JB^T»»S5HB 

^flSM^v^T«^w«:JftL»tt«<^>aE^fc^«lv^l*M, 2 mm 

2 2 2^ii2 1 4 _hM^9:7 

[0090] (2lifc0iJ4) *«WMJ:S*»*W-«3SK 
olilfiM4 (D«WS«fi8;S:ia 2 0 l^fo 

[0 09 1] %M2 0 1 ^f>*^rfeix53K:^VX^S:ffl 
V^TftftU *J8ffl*7 7>f^2 0 2iaJtt5. Jt 



(13) #i¥9-9 8 9 7 2 

24 

M3SSSS2 2 3iaot lOOHz-1 0MHzgS(O 

-2 0 2mtyr-</<—mi&i&2 0 3 a «r^bT*flBlt 
ffl)fe77^^-2 0 4tiiU^^ 3teasa»&0> 
*«*B8*tffl*7r-f 2 o 4 i^CiSL, jfcflaWteR 
2 0 5J:9«|jtfl:2 0 6|:IWSiiS o /H^5#<Z>«ft 
J*^ft:rt^aBWil©»*:WttMJ:S^. Hb^HbO 

2<omm h mm^m^skmm & w-w-r & m « 6 

10 0 0 n m— 1 4 0 0 n m<D^M^W<Dft<D^^b 1 &S 

[0 0 9 2] mmfr 2 0 6 £rili© bTW»f S**:4feffl 
t6fcfe©4*©jfe»lliffl*77>f^-2 O 7 a, 2 0 
7b, 2 0 7 c, 20 7 d?r s S^2 0 6±^£5 
4fflSffc:E8trSo *IlMT1t 2#©Jfc«aJH#:7 
T<<'<— 2 07b£207c ^rfflWfil2 0 5S:*ttfc 
■f'fri: br^*t*0 2fiBfMBaKU MWfil2 0 5 

20 <Dmfofo*WL&k LTftteWJBft^T'f 2 0 7 b<£> 
S: il 5 J: 5 * ^ff ^ -h M*tft Wffl ft 7 r >T 2 
0 7 a^)i^^#ftt5J: 5t*ftWffl*7 7^^- 

207a «tr« u s tc x ftmtt&m 205 

«rJS^i LT*tttflffl*77>f^-2 0 7 c ©fi^Sr 
ii<5 J: ot£¥WM±\-%m\tim%7T^^—2 0 7 & <D 
fi^ds#ftf SJ: 5M*tftUifll*7T-<^— 2 o 7 d 
^rSag-T^o 3fe«lHffl*77^^-2 0 7 a <t#^W/B 
*77-f^-2 0 7 dOS^A^Jt|2^ii[^_bM#ftb 

T v n ti t£ £ r MlBfi ttt) J;v^5, *SIJ609 t? f* wia* 
30 HH*MfcB2 0 5 «:*frW*^i: LtM^t^oMHiffl 
*7 7-Y^- 2 0 7 b t 2 0 7 c ©*H«fcElt5o - 
r-T*. *II*ffl*77^^2 0 4 «(tfflffljt77^ 
s<— 207a, 207b, 207c, 2 0 7 dli, *S 

*fl»feMaSLfcA««©*^r>f ^-H^SBW 2 0 8 

^^tiri/^o »M77^^2 0 7 a, 2 
0 7b, 2 0 7 c, 2 0 7 dli N *7 7^^1»S2 
03b, 203c, 2-3 d, 2 0 3 e bT3t^tti 
Sffl*77^-2 0 9 a, 209 b, 209 c, 20 
9 d M**6UTV*5fc«>, 2 0 7 

40 a, 2 0 7 b, 2 0 7 c, 2 0 7 d S tb/tiiill* 

lis 5fefiltiiS§2 10a, 210b, 210c, 210d 

[0 0 9 3] *Rttl»2 1 0 aSl/2 1 0 b"T?a*S*t 

7y7 P 2 24 a^2 2 4 b T?*8S^***WIJaa6»:fi!l» 
cO^^rtttti^tlSc ^ y^>T >T >y"2 2 4 a frt><Dtti 
50 »ft4HB«2 2 5 a "C»**»S*tfc«MS&»*« 



(14) 
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25 



26 



2 1 2T*r^^^WI^ 



(2 1 la©ft«ltA*S*l, P^>fy7^2 2 
4 b^feOUAft 2 2 5 bt^Mi^ 

fc«fc:aiiM8«»2 1 1 atDiEttfcAASaxS. *^i±i 
S2 10 cRXf2 1 0 dT?a*Stbfciija*3»««:**? 

2 4 d^*«(0^*WJB»*rt»0*«raUlS*tSo 
^5/^^^7^2 2 4(1^^©^^ ^ft«KS2 
2 5 dt*#***S*Vfc«JJlil»»««2 1 1 b<Dnm 
l£A*S*K PyMV7^2 2 4 cHOW, 

>»K4IW» 2 2 5 c -e»**»snfc«fc3ittit«» 2 10 

1 1 b(DjEm\z.A£i£ixz>o £bt^, mhmm&2 i 1 

a^fe©Hi*SrlS»*SB*2 1 1 c ©AffifcA* U i£ 

»ii*i^2 1 1 b^e>(^a**ii»ii*H»2 1 1 c <z>je 
ma 2 lie i sm^sttSo 

*:3E»U W-JMJI2 1 3fc8t9i&**^3g«2 1 4 

Lt^7 7^« 0 
[0 0 9 4] 1112 0^^^5*-. JSSfW^lfiL 20 

S«tt#«ffc-r**«2 1 5^5, ftj»fflffl*77-f^- 
<D$tm2 1 6 bO*.^-g"*tLTV^tf, H»*ti|g^2 1 

I dl(t) = Dsl«exp[-[ £ oxU) (Cox(t) + ACox(t)) 
+ £ deoxU) (Cdeox <t) + A Cdeox (t))]dl]I0(t) 
[0 0 9 7] [*14l 

I d2(t) = Ds2«exp[— [ £ ox(X ) (Cox(t) + A Cox(t)) 
+ e deox { X ) (C deox (t) + A C deox (t) ) ] d2] 10 (t) 
[0 0 9 8] [*1 5] 

I dl' (t)=Dsl-exp[— [ £ oxU) (Cox(t) 

+ £ deox (X) Cdeox (t) ] dl] 10 (t) • « 

[0 0 9 9] [»16l 
I d 2' (t)==Ds2'exp[— [ £ oxU) (Cox(t) 

+ £ deox ( A ) Cdeox (t) ] d2] 10 (t) • - 

ftfc:; *1 3"i*l 4"<Z?i«»»Sri:o"fc||lC ftl 3 X [0100] 

^fe»l 4 ***1 7 *mbti& 0 ^ I»l 7] 

I n[Idl(t)/Id2(t>]= 1 n [Dsl/Ds2] - [ £ oxU) (Cox(t) 
+ ACox(t))+ £ deox (1) (Cdeox (t) + A Cdeox (t)) ] (dl-d2) 
»15tftl 6©@Mft^i:o^mi 5^?>»1 Tir [0101] 

6 *a*l 8dS»b*tS. * [S18] 

In[Idl' (t)/Id2' (t)]= 1 n [Dsl/Ds2] - [ £ oxU) (Cox(t) 
+ ACox(t))+ £ deoxU) (Cdeox(t) + ACdeox(t))](dl-d2) 

«i 7o&ia«ss»i«(B»2 i i b^a^^ir^ ^9^#&tvs c 
*k *i 8<D&m\*mmmm&2 1 1 a^A^it [0102] 

V^ 0 rrt% »17J:Qai8S:«»t5i:)Jca:»l TV [S19] 
In[(Idl(t)/Id2(t))(Id2' <t)/Idl' (t))] 
= -[£ ox(A)ACox(t)+ £ deox (X) A Cdeox (t)](dl-d2) • 
#1 9<0&5Z»4. MWjittIS2 1 1 cfrbnmt), -Tft O50O*>t>W-«S*t*i»«i 



**«Msl^#UTSEWl2:«<^4:«r«f«l2:, 

2 l l c X V a*Sns»SRIiiMt-^©#*S:KT^K 

[0 0 9 5] IHiBNMfflSr *aS«S«r^, fla»*:Mft 
4:1 0(tK Kfk^^e^nif^tJi^^e^tatrvSft 

***b*txCox(t), Cdeox (t), ja@ffffl«2 1 5T*fk 
iX-^tt A C ox (t) , A C deox (t) , jt JBjKfi X t^t" 5 |ft 
tbeoxU), £ deox UK *|ftttl»2 10b t 210c 
£JL^BRjR«c:J:S»«S:Dsl, *ttffi»2 1 0 a t 2 1 

o d^tftas*t5iia*»«tc#*n5*ai^^n 

trv£JL^BMXi^J:S«ftS:Ds2. 5t^W^2 lObi 
2 1 0 c^«USixSiSia3te3SS^*ax5*a(-J:o 
T*CSfi*«»S:dU #*ftffl»2 10a<t210dT* 

^iMdtts^:, *«a»2 i o c-etftmsix'sii 
a#sft««*idi<t), %tttu«2 1 od-ciftasixs 
iiaa*3»««*id2(t), 3fc*&m^2 1 o bt?«ia*ix 
siaiaateasffft^idi' <t>, xtj«*«w»2 ioat^ 

4&m£;ft,£Mi®#&gfI^Id2' (t)tt, JEr*b-=e*LTS: 
*1 3HR1 6Tg^o 
[0 0 9 6] 



J&13 



■ *14 



:i 5 



R17 



*18 



• -»19 
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27 28 
[0 10 3] «g^LT8 0 5 nm± * ^ i* s T?# 5o 

1 0 nm«rffl^T!fMi-S£, tt&<o»9 <^fll«as*ir [0104! 

■rscot?, mi 9te3£»K&ffli*TTS3R2 0<z>J: 51- * [»20] 

In[(Idl(t)/Id2(t)(Id2' (t)/Idl' (t))] 
= — [ A Cox (t) + A C deox (t) ] ■ K 
fl§oT, 7fcSil8tg8 0 5 nm± 1 0 n mSrJflV^fHMS 

Cdeox(t)] ^t0S-r-5«Sr*bTV^5 o 

[0105] #wfc«v^s^R*2*ft u 
i, X2) fcu #«*i=i»ft*aia*wiH*« (f i. 
f2) n-y^^^r^^jaft*^*rr*ttf, 

I n[(IdlUl, t)/Id2Ul, 

= — [EOx(Zl)ACox(t)+ £ deoxUl) ACdeox(t)] (dl-d2) • • 

[#2 2] 

In[(IdlU2, t)/Id2(X2, t))(Id2' (A.2, t)/Idl' U2, 
= -[c ox(^2)ACox(t)+ £ deoxU2) ACdeox(t)] (dl-d2) • • 1 



20 



10 



• • • #20 

x&m&cDm^yt&mt^&m-mir&z: t&x%z> 0 m<> 

t\ #1 9^m&X^iL^(DX\ &t£>#2 iRZFWt 
2 2^bft55g**aS;S:*< nidS-C^-So 
[0 10 6] 
[#2 1] 



5* 

t))(Id2 / Ul, t)/Idl' (XI, 



[0 10 7] 



t))] 
#21 

t))] 



; e ox ( X 1) , £ ox ( X 2) , £ deox (XI) , £ deox 

ffi^t-^ffiA Cox(t) (d 1- d2) til^c^e^n if ^(7) 
^fi(^a~rSACdeox(t)(dl-d2)^r. #2 1& 
t^#2 2^rffffa2 1 3rtT?«?< 

*fe&nfcffl»^b*^l*^5»J'7 tf -^«:*^3S«2 

U (dl-d2) *iB*. 

[0 10 8] 1^2 1 i-^i-<fc * y?4l/T 

210a, 210b, 210c, 2 1 0 d j&ttifB 
^£^;fr^;ft,A/D^&g£2 1 2XfJ?Mn^m& 30 
tf-»^2 1 3rt^FFTteS&LT#«<Z>3Sfi 

co^WftKT^^i@^^«^^#ll^^±j£^tf^i^e 

[0 10 9] (HJ6#J5) *»MteiSitff36tHIIIKlt 

cD^6fe#J 5 cofiEB&Wj^i^Ig 2 2 fC^-r o 
[0 110] ^^2 0 1 a <b 2 0 1 hfrb$&"&hfrZ>it 

-2 0 2 at2 0 2 biaJttSo #3taa^6» j &e>*b 

^*3EB30*t**rlft*-t-Sfc»fc#«fi»2 2 
3 a, 2 2 3 bl£j;oTl 00Hz-l 0MHzgg(O 

fc\ «20 1a fitU *as 2 

0 l bOSSS^BHBttftSr f ai:"t-So mkWjtyyJ 
s<~2 0 2 a f**:^r>r^-iitt*2 0 3 a ^LT3fc 
BBitffl*7r>f ^-2 0 4 a £ffittLT*5 0. 
7t4s<—2 0 2 b fcfcft^T-'f 2 0 3 c £^ 
\,X%Mltimyh7T<<'<—2 0 4 b iffilttL-CV^fc l5r50 



**jR^5>o*tt*flBltffl*7r^^— 2 0 4 a i: 
2 0 4b fcfilU, *«Mffit2 0 5 at 205 bi;9 
«&#2 0 6lcf&Sf£;fr£ 0 #HR*«r#Sfc«>^ 
ffl«ffl*7r^f^2 0 4 a, 2 04b©*t"C»J6 
S2 26 a, 2 2 6 b^ffll/^SU *»2 10 

tftttj%2 10a d»e>U*S*bS*aS2 0 l a<Z>#flH3te» 
Slg^n 5/^^ 2 4 a ia^U 3S&&2 

2 3 a j&>fe<D#JH« <tl^8t£*b6o ny^-Y 
V/y/2 2 4 a ^e><^a*tt, *l*#*t*I3§5 a MAA 
SiX-C»»*lfcS*Ufc«^il»iS«a82 1 1 a<Z>JM£l2: 

a;*j£*l<5 0 *^tti^2 i o c ^&m***ts*aa2 o 

1 b <D#fla3fe3ftft«^tt P^^^y7y/2 2 4 d(a 

*b£«2 2 3 bfrh<D&mmmm*hkicfrmts 

fi& 0 v >y?4>T>y p 2 2 4 dfrth<DmJ]}*, *f#if 

m^2 2 5 d^AX&frxttmm&zfrfrm-mmmm 

3£2 i l b<D&m\zAt>-tZ>o m^&yt<o$L&\*£.fcft 
©aaft«©5>**Stt«c:J:S^. Hb^Hb0 2 ^M 
d»b**»ftft^Jia«IE*Srai£-**S#'&^f*6 0 0 nm 
-1 400n m©«fiJ6lffl03fe<Z)^^e> 1 *>£VM*«R 

[0 111] ###2 0 6SriiiflLTU«t^S*«r|fttU 
t6Wn*Mftfflffl*7 7Y^2 0 7£r N 

2 0 6 ±<D*flBltffiK 2 0 5 a t 2 0 5 b^e>*BE«« 

offia^iEKi"5o rr-e, %m&m%7T'<s<—2 o 

4 a i: 2 0 4 b fc*ttffiffl*:77^^2 0 7fe ^ffi 

SrlRfei2:afiSixfc*7r>f ^-H^SflStt-2 0 
S*vCi^5o Mffl*7r^f^2 0 7ft ft^r* 

jfi**2 0 3 b^LT*OTTO7r>r^-2 
0 9 WSS£LTl^£fca6. 3t«ttlffl3te7T>r^— 2 0 7 

•ctfefflStufciiia*^ *«IWS§2 i o b£-efci§u 
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29 



30 



It LTtH^tbSo 3fc^t±lS£2 lObi bT(3. #1 

[oi 12] *tftffl»2 1 o bt?a***ufcaia*s!Sff 

jfctf), P^^^V7y7°2 2 4 bt^ji2 0 1 al^f 
2 2 4 c •C*»2 0 1 b Kl*ht-S»ft«WJBft»*»© 

«u #WiS*2 2 5 bt»«-»*»Sixfc«l2:. jglbJt! 

2 4c *t#mm»2 25c 

*Lfc«fci, HgbJgH&2 1 1 bOjEfiiisiA^SttSo * 

^fiLT, H»jit*I322 11a ^fefi, *JB2 0 1 
a (Dmm.b%M2 0 1 a 5ii«#»ffi^*l*iS# 

«#*a*«#t ura^six, n»)ii*MS2 1 1 b^ 

btt, *a^2 o l h<o%s&k%M2 oia M*j-r5iiia 
fefc, 3§KUitiS%2 l l a^b©W*S:aH!iittt»2 1 

i c©*s^a*l, mmmm%&2 1 1 b^ow^ 
n»jii«iiS2 1 1 e<DiEm^Ajjirz>k, mw)mm^2 
1 1 c^b^mmm<omb^^m^^tcmm^m<on 

*S£5HS#asttl#£;h,5o Hfbii*S^2 l l ca>£><z>ffl 
A/D^2 1 2T~y*i??Mm J %-l^ 
IfeU 1 3t^«tt)i&*«^3fiK2 1 4MB#»?0 



o«BF2 l 6 b^<o*^*tbTU^ixtf, tHB**i5*HS 

[0 114] tHW«m«r t, 3te««ft«:X. flSttf£B5 
b^fe©flai**:3Sl*Sr I 0(t), iltt£l5 a^b^I 
W*»I0' (t), 5>jft»2 2 6 b^b©#fla*3lft 
10 «SrIr(t), »jfc»2 2 6 a^fe©#HR*5MES: I 

I 0(t) : Ir(t)=I0' (t): I r' (t)=l : a 

^Cox(t). cdeox(t)»j?r««2 i 

cox(t), Acdeox(t), ^teagStfii^sa-rsBtfk^^^ 

u f >tm^^e^ti tr^Kft«»«r-?:ix^*L£ ox 
(X), fdeoxUK SScgLir^^-^n if^^KitK^J: 

20 *ttffl«2 1 0 bT?ttUSHS*:«2 0 1 b t£#t"t~ 

SiiiB3tegftfl[«-^Id(t), BP*>n y^^1^T^2 2 4 
c^b©HJAliTa: (2 3) *»ttHB2 1 0 

bT?«tW* 4x5**2 0 1 a t£#1-3ffli@*3£gft-5§-I 
d' (t), iP^ni/^^y/^2 2 4 b^^(Dtti^j; 
TS3R2 4 t?*Six5o 

[0 115] 

[*2 3] 



[0113] r:t\ 022 (C/TfJ: 5 ^^f^^ik * 

I d(t) = Ds-exp[-[ e oxU) (Cox(t) + AC o x (t) ) 

+ £deox {X) (Cdeox(t)H- ACdeox(t))] d] I 0 (t) • • • 
[0 116] [»2 4] 

I d' (t)=Ds-exp[— [ £ ox(X)Cox(t)-^- £ deox ( X ) C deox (t) ] d] I 0' 

• • * Sfe24 

*K:. (2 3) at (2 4) a<oa«»*«riofc«K: ^ [0 1173 
&J&TZ>k. W2 3I*T5«*2 5 *2 4ttT« I* 2 5] 

$C2 6 kft&o « 

In[ I d(t)/ I 0 (t)] = I n[Ds]-[t ox ( X ) (Cox (t) + A Cox (t)) 
+ e deoxU) (Cdeox(t) + ACdeox(t))] d 
[0118] [»26] 
In[Id' (t)/I 0' (t)] 

= I n[Ds]-[ £ ox(A-) Cox(t) + e deox(X) Cdeox(t)] d 
££>f- (2 5) 5£j&»P> (2 6) ^^jgfti-^i:. *r [0 119] 

(2 7) flS»&*L*. * [ft 2 7] 

In[(Id(t)/Id' (t))(I 0' (t)/I 0(t))] 
= — [ £ ox ( X ) A Cox (t) + £ deox ( X ) A Cdeox (t) ] d 

rrr% * [K2 8] 

[0 12 0] * 
Ir(t) = a I 0 (t) 

[0121] [i2 9] 

Ir' (t) = a I 0 ' (t) 



£SC23 



(t) 



3S26 



$C28 
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31 



32 



* 



t? mmmm^2 i 1 a^wifjAtt 

[0 12 2] 

In[Id' (t)/a I 0' (t))] 

X&>& 0 

[0 12 3] ::r«, »S8fti:tt8 0 5 nm± 
1 0 nmS:fflVNTimit6t, ff^coR 9 » 

In[(Id(t)/Id' (t))(I0' (t)/I0(t))] 
= — [ A C ox (t) 4- A C deox (t) ] K 
^oT. *SISS8 0 5 nm± 1 0 n mSrJ^TtHBOS 
;Kfc*t«iS5HS*»4, «»JiLtt«fls*[ACox(t) + AC 

deox(t)]filffl31^Sfite*LT^£o *SH^fflVN 
5ffit^2iSS (XI, X2) fcu «**i#J»»{fc 

mm^m^^^mmmmm (f 1, f 2, f 3, f 4) 

In[(Id(Xl, t)/Id' (XI, t))(I0' (XI, t)/I 0(U, t))] 
= -[f ox(Xl) ACox(t)+ f deox(Xl) ACdeox(t)] d • • • R32 
[0126J [3&33J 

In[(Id(X2, t)/Id' (X2, t))(IO' (X2, t)/I0(X2, t))] 
= -[eox(X2) ACox(t) + a deox ( A. 2) A C deox (t) ] d • • -^33 



[0 1 2 4 J 
[*3 13 



■ • - R31 

[0 12 5] 
[»3 23 



: e ox ( X 1) , £ ox ( X 2) , £ deox (XI), £ deox 

(l2)&WtftxhZ><DX\ Kffc^*^* tf XD&itMfc 
ffl^-r^fBACOX (t) d tSKn^e^ia tfvco^ffcg 
fctt3+SACdeox(t)d«\ R3 2 Atf»3 3 ttH* 

«2 i 3rtt?«< rir-e*«)Sr t^-es, *«>&*ufc 
taSEtaEffc*©!**^— ^***36«2 1 4±^^^^ 

[0 1 2 7 3 (§12 3 5 Py^^>7 

210a, 210b, 2 1 0 cj^fc^ttHJffi^t-tjJve 

i 2-e7 tf ^^/HS-g-^**ufc«. if 

112 1 3rtT?FFTlM«rUT#*«<05ft**»IJB* 
[0 1 2 83 40 

xmm<v&m&xz, WL7£m#v>te&$:$tr¥-mmiAk 

[0 1 2 93 MtW-mz.fe, XAsfrAjtDM&lklfc^ °&tc 

mm^x^A,m^^^mmm^m<om^ w&km<±L 

[0 1 3 03 mfkffi. ft«F«r«Sfc ^50 



* < vM^xm&^ihWimm&frm-t&m^ 

2P»5^1LT b£ l^IE LI ^8[[£:fT 5 - <t 

5 £ £ 5©^«^»flE«rSI«> S £ <b ^~C# £ 0 
[013UH m 2 o>*Uffi««r^*b* 

^m<D^^ikmmmmt^{^x, &mm&w^ 

*5W-5iiia*3ft««-&tt«U<K{k-rSo Sot, mi 
^*WffiB^»tSiijB*g»K«*i:*2 ©ttWfltKfc 

m i *>-&vM*»2 *(otftaffiK^*3^sifiia*as« 

[01323 3tei»tt. MftI^b4ftrt(aor* 

[0133] 

[Hi] Hlttu «*S!B^J:oT#&*LS^*aia* 




33 

[0 3 3 H2<DW-jBKH«r«fflUfcH«fP**jSfe^-j| 
#J * R W i" -5 «> © HI £ o 
[04] ±E*lfc«!l<D— W-«vfiiJj:i3^6W-««#SrW'JIH 

[0 5 J ±SB*lftW<o— tl-W^iJias^S^^nifv* 

<fe><5 0 

[0133 *«WW-«*W2iJ:5*»W4:^i-^?7-C 
[0143 **WW-a36BJ-«fcS**«Sr^-f^7^-e 

[0153 *»W<o*Jltlfcffi»2:J:»K«fll*«rRW-t-* 

titiXDzf* y?mxh& 0 

[016J *»W<DJ5U5H6«I^J:5»K«fifc«:RWi-5 

[017J (a) ^W^JSa^lfeW^teftSAtftttl^n 
-:/fc^-r«»»rffilSRl* (b) *«H0SUXlfe0!lt£ 
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